Magnetization, electrical resistivity and specific heat measurements were performed on highquality single crystalline SmTi 2 Al 20 (residual resistivity ratio ∼ 40) grown by Al self-flux method. A Kondo-like log T dependence in the resistivity is observed below 50 K. We discovered a field-insensitive phase transition at T x = 6.5 K and a field-insensitive heavy fermion behavior with the electronic specific heat coefficient γ = 150 mJ/(K 2 mol). Specific heat analysis reveals that the ground state is a Γ 8 quartet state and the Sm magnetic dipole moment m Sm (∼ 0.5µ B at T ≃ 0) orders below T x in spite of the field-insensitive behavior. Possible reasons for the field insensitiveness will be discussed.
expected to show interesting properties observed in Sm-based filled skutterudite compounds as noted above. In this work, we have succeeded in growing single crystals of SmTi 2 Al 20 and have discovered unconventional physical properties.
Single crystals of SmTi 2 Al 20 have been prepared by the Al self-flux method from the starting elements, chips of Sm(3N), powders of Ti(5N) and grains of Al(4N) at the atomic ratio of 1:2:90. These mixtures were placed in an alumina crucible and sealed in an evacuated quartz tube. These sealed tubes were heated up to 1050
• C, kept for 2 hours, then cooled down to 750
• C for 45 hours. The excess Al was spun off in a centrifuge. Small amount of residual Al-flux on the crystal sufaces were removed by etching with 0.3vol% NaOH in H 2 O for a few hours in an ultrasonic bath. Quality of the samples was checked using a powder x-ray diffractometer with Cu-Kα radiation. The lattice parameter of SmTi 2 Al 20 was a = 14.698(1) Å. This is in agreement with the previous report. 12) DC magnetization measurements were carried out in a Quantum Design (QD) MPMS down to 2 K and up to 7 T. Specific heat measurements were performed using a quasi-adiabatic method with a QD PPMS down to 2 K and up to 9 T and a dilution refrigerator down to 0.15 K and up to 8 T. For these measurements, twenty pieces of the single crystals with a random crystalline-orientation were used. Electrical resistivity and Hall coefficient were measured simultaneously using a standard AC five-probe technique with a QD PPMS down to 2 K and up to 9 T. For these measurements, a plate like sample with (111) plane and with dimensions of 0.3 × 0.8 × 0.067 mm 3 was used.
In Fig. 1(a) , we show the T dependence of the DC susceptibility, χ (= M/H), measured at 7 T. Compared with theoretically expected χ for Sm 2+ and Sm 3+ ions, the observed behavior is different from both of the T dependences. Below room temperature (RT), χ decreases with decreasing temperature and shows a minimum at around 50 K (= T min ). Similar minimum structure in χ has been reported for SmAl 2 16) and this could be attributed to the Van Vleck paramagnetic term derived from the mixing of the excited J = 7/2 multiplet combining with crystalline electric field (CEF) effects and exchange interactions among Sm ions. Below 50 K, it shows a Curie-like upturn followed by a sharp decrease below 6.5 K (= T x ). In an en- sistivity ratio [RRR = ρ(300 K)/ρ(2 K)] is about 40, which is larger than those of YbT 2 Zn 20 series (3 ∼ 30), 6) indicating the high quality of the present samples. From RT, ρ decreases monotonically with decreasing temperature and exhibits a minimum around 50 K (= T min ).
Below 50 K, ρ exhibits a remarkable Kondo-like log T dependence down to T x where it shows a sharp decrease. The resistance increase below markably larger than that of the typical Sm-based HF system, e.g., SmSn 3 . 17) As was already noticed in χ-T curves ( Fig.1 (a) ), applied magnetic field has no evident effect on T x . In Fig.2 (a), the effect of magnetic field on ρ is found to be not so simple. Fawcett reported that the Kohler's plot for various metals can be classified into two types;
i.e., ρ(H) for compensated metals shows H 2 -dependence over the investigated field strength, while for uncompensated metals, it initially increases as H 2 and shows a tendency to saturate around a crossover field H cr . 19) Above the crossover field, conduction electrons nearly com- m 3 /C at 2 K under 9 T reflects the discompensated carrier number, the thickness of the discompensated orbit is estimated to be ∼ 0.04 × 2π/a, where a is the lattice parameter. In order to confirm this scenario, dHvA experiment along with a band structure calculation is needed.
In Fig.3 (a) , the T dependence of specific heat divided by temperature C/T at 0 and 6 T is shown. A sharp λ-type peak appearing at T x provides a thermodynamical evidence for the phase transition. The C/T data also confirm the field-insensitive nature of T x [the inset of Fig.3 (a) ]. Low temperature parts of C/T below 4 K at various magnetic fields are shown in Fig.3 (b) . Below T x , C/T steeply decreases and is almost flat around 1 K, where the itinerant quasiparticle excitations dominate. An upturn appearing below 0.5 K is derived from the nuclear Schottky contributions C nu . As shown in Fig.3 (b) , the C/T data below 1 K are fitted by shows extremely weak H dependence, which is similar with that in the field insensitive HF behavior of SmOs 4 Sb 12 .
5)
For a rough estimation of the 4 f electron contribution C 4 f , we tentatively define the phonon contribution C ph and the no-4 f conduction electron contribution C el using those of non- 24) assuming that the measured specific heat is expressed as 
where R is the gas constant and g J is the Landé g-factor. The non zero A 
